Objective: The main objective of the study was to develop appropriate dietary assessment instruments for the French Mediterranean region and to validate the measurements they provide. Subjects and Methods: Three different assessment methods were submitted to a sample of 150 male and female volunteers. 98 completed the protocol, which consisted of a 4 d weighed dietary record (PETRA) and a 7 d estimated-diet record (S7) based on a check list and a set of photographs, both these records being completed once in each season of the year, and a semi-quantitative (standard portion) food-frequency questionnaire (FFQ) including questions eliciting socio-demographic and anthropometric data, which was completed once only. The days when PETRA was used to evaluate food consumption coincided with the ®rst 4 d of S7 (S4). Results: Validation was based on nutrients and foods. Energy-adjusted Pearson correlation coef®cients between S4 and PETRA ranged from 0.32 for vitamin E to 0.81 for vitamin C (mean: 0.65 for 21 nutrients). There was practically no misclassi®cation in opposite extreme quartiles. Spearman correlation coef®cients ranged from 0.63 for ®sh and sea-food to 0.90 for wine (mean: 0.76 for 16 food groups). There was practically no misclassi®cation in opposite extreme quartiles. De-attenuated energy-adjusted Pearson correlation coef®cients between FFQ and S7 ranged from 0.22 for proteins and monounsaturated fatty acids to 0.80 for iron (mean: 0.45). 10% or less of subjects were misclassi®ed in opposite extreme quartiles (except for vitamin C, 12%). Spearman correlation coef®cients ranged from 0.25 for green-yellow-red raw vegetables to 0.76 for wine (mean: 0.42). 8% or less of subjects were misclassi®ed in opposite extreme quartiles (except for citrus fruit, 11%). Conclusions: Portion estimation using the set of photographs was validated by the correlation between S4 and PETRA for both nutrients and foods. The FFQ provides a reasonably reliable measure of macronutrient intake and a good measure of micronutrient intake when compared with the data in the literature. It performs less well for food intake. Better results can be achieved for FFQ: (i) by using the set of photographs instead of standard portions and (ii) by adding further questions on foods which are insuf®ciently covered. Sponsorship: This work has been ®nancially supported by INSERM contract 91-1006 and the Arde Áche and He Ârault Committees of the`Ligue contre le cancer'.
Introduction
The need for accurate measures of habitual diet in the ®eld of epidemiology has prompted numerous studies on dietary assessment in various countries (Pietinen et al, 1988; Engle et al, 1990; Liu et al, 1992; Rimm et al, 1992; MartinMoreno et al, 1993; Bingham et al, 1994; Gnardellis et al, 1995; Decarli et al, 1996) . However, dietary habits vary not only from country to country but also from region to region. Speci®c questionnaires must therefore be devised and validated for nutritional surveys conducted in geographically and/or culturally distinct regions.
Most of the dietary assessment questionnaires quoted above are validated on nutrients. Only two of these studies consider foods (Pietinen et al, 1988; Bingham et al, 1994) . In research into the etiological relationship between nutrition and cancer, however, reduced or increased risk appears more consistently associated with foods and dietary habits than with speci®c nutrients. The disappointing results of large intervention studies like ATBC and CARET (The ATBC study group, 1994; Omenn et al, 1996) also con®rm the importance of foods rather than nutrients in the relationship between nutrition and cancer. Our validation study was intended to pilot an investigation into Mediterranean diet. The latter is known for its large variety of foods, as shown in the Languedoc-Roussillon region (Gerber et al, 1996) . For all these reasons, it appeared necessary to assess the validity of the FFQ questionnaire with regard to foods and food groups as well as nutrients.
Three different assessment methods were compared with regard to quantitative and qualitative accuracy. One, based on a 4 d weighed dietary record (PETRA), was expected to be the`gold standard' against which the two other methods could be compared: a semi-quantitative (standard portion) food-frequency questionnaire (FFQ) and a 7 d estimateddiet record (S7) based on a check list and a set of 76 photographs. These two methods address different objectives: the FFQ is designed to elicit information on usual diet whereas the dietary record focuses on current diet. No decision was taken at the beginning of the pilot study as to which of these methods to use, as further agreement with the various partners in the future study was required. We developed both tools, knowing that the one selected would need to be validated and calibrated in an internal sub-study before use in the large-scale nutritional survey. Moreover, if S7 was completed on a seasonal basis, we could ensure that the FFQ food list was qualitatively representative of the regional dietary habits and correct it, if necessary.
No dietary assessment method can safely be quali®ed as a`gold standard' and it is not`realistic to give a special status to one of them' (Plummer and Clayton, 1993) . The methods were therefore compared two at a time to isolate speci®c elements of the validation: quantitative assessment using the set of photographs was validated against the weighed records, and the qualitative and semi-quantitative pattern of consumption by determining the correlation between FFQ and S7.
Subjects and methods

Subjects
Since this study was not intended to be the de®nitive validation study and hence did not need to be conducted with a representative sample, we decided to recruit volunteers with the help of a mutual insurance company for people in agriculture-related trades and professions and amongst the nursing staff of the Cancer Center in Montpellier. Three hundred and ®fty subjects were contacted by mail between March 1992 and March 1993 and 150 replies were received. 29 subjects refused because of the constraints of the protocol, 11 were ineligible for reasons of age (`18 y) or because they lived too far from Montpellier, and 12 returned incomplete records. Assessments were representative of each subject's diet over a one year period. The study lasted two years in all, ®nishing in November 1993.
Ninety-eight subjects (68 women and 30 men) ®lled in the complete protocol. The mean age of the total sample was 41. 9 AE 11.8 (women: 42.4 AE 12.3; men: 40.8 AE 10.6) . Most subjects were middle-class and had been living in the department of the He Ârault for over 10 y. 67% were from rural areas and the remaining 33% from the town of Montpellier. The mean BMI (women 22.3 AE 2.9; men 24.6 AE 2.6) was comparable to the mean BMI for a random He Ârault department sample: women (228): 22.5 AE 3.8; men (212) 24.4 AE 3.7 (unpublished preliminary results from the nutritional survey). The BMI distribution showed that 15±20% of men and women were overweight, using an obesity threshold of 24 for women and 26 for men. Under-reporting subjects were eliminated from the analysis in accordance with the procedure of Goldberg et al (1991) . A cut-off value was obtained after estimation of the minimal energy intake required for a subject with a given basal metabolism, taking into account the type of nutritional assessment (FFQ or dietary record) and the number of days assessed. The estimate of basal metabolism was based on sex, age and Quetelet index (Scho®eld et al, 1985) . Eight subjects (four women and four men) had cutoff values below that normally expected in all three assessment methods; and three other subjects were below the cut-off for the FFQ. These 11 subjects were also excluded.
All subjects accepted the protocol by written consent. The project was approved by the regional ethical committee (CCPPRB) and by the`Comite Â National Informatique et Liberte Â' (CNIL).
Protocol
Subjects were visited in their homes the day before they were due to begin their dietary assessment. The whole protocol was explained: they were given a demonstration of PETRA and asked to try it for themselves; the interviewer showed them the dietary records to be ®lled in, together with the set of photographs for S7, and organized the collection of biological samples. S4 represented the ®rst 4 d of S7 and corresponded to the 4 d of PETRA ( Figure  1 ). Biological samples were meant to provide for the measurement of nutritional markers. Some of the results relating to biological samples have already been reported (Saintot et al, 1995) and the use of nutritional markers in a validation model will be reported later. The interviewer returned on day 5 to collect the PETRA scale and the ®rst urine sample, and again on day 8 to collect S7 and the blood and second urine samples.
The scheme was repeated four times over a one year period. Subjects were visited three times per session by the interviewer. The FFQ was delivered once, during one of the 12 visits. Three different trained interviewers participated in the study.
Dietary assessments
Each subject was asked to complete three different dietary assessments:
The 4 d weighed dietary records were obtained using the PETRA system (Portable Electronic Tape Recorded Automatic, Cherlyn Electronics, Cambridge) ®rst described by Bingham (1987) . Subjects completed the 4 d weighed record four times, namely once per season, over a one year period. The records are accurate to AE 1 g and automatically record verbal descriptions and food weights on a twin-track cassette, thus eliminating the need for subjects to keep written records. The PETRA scales do not disclose the weight of foods eaten by the subject. Subjects were asked to use PETRA for each meal over the 4 d, even when eating out.
The 7 d estimated-diet record (S7) is a check list of 170 items, established with a dietician and a nutritional anthropologist plus open questions, organized according to meal type (namely breakfast, lunch, snack, etc.). For each food, the subject was referred to a set of 27 numbered photographs showing three different portion sizes (A, B, C) of a known weight for the type of food illustrated. Amount A could be fractionated (for example half or a quarter) and amount C increased by half. For one given group of food, two to four types could be shown, for example a mackerel, Comparison of dietary assesment methods C Bonifacj et al a salmon steak, a white ®sh ®llet and a frozen ®sh steak fried in bread crumbs were shown for ®sh. The subject completed S7 at the end of each day by writing the letter for the appropriate portion size next to the photograph number on the check list ( Figure 2) . For a few foods such as sugar, yoghurt and fruit, the quantity was expressed in units. The weight of the food, indicated either by the letter on the checklist or by the standardized weight for foods recorded in units, was then entered in the database (see below). S7 was repeated four times, once in each season of the year. The food frequency questionnaire (FFQ) was an extended version of the one used in previous studies (Gerber et al, 1988; Richardson et al, 1991; Scali et al, 1993) . It was organized by food type arranged as a meal pattern (for example raw vegetables and delicatessen food as`hors d'úuvre'; meat, poultry, ®sh as a main course; vegetables; fruit and sweet foods as dessert) with 134 items (Figure 3) . The quantity was evaluated in units or in weight of estimated portion. The frequency categories were based on the number of times items were consumed per day, per week or per month. Consumption less than once a month was considered as nil consumption. The FFQ questionnaire asked the subject to recall`average use over the last year'. With seasonal items (for example cantaloupes, grapes, etc.), the question was preceded by`in season' and the given amount was divided by the estimated relevant period (in weeks or months). Besides nutritional information, the FFQ elicited information on socio-demographic and anthropometric data.
Database
Each method was coded independently. Data from S4, for example, were not corrected using data from PETRA and vice versa. More generally, no information obtained in one questionnaire was transferred to another assessment method. S4 data were ®led as an independent data set.
Special attention was paid to fats and oils. A given amount of fat or oil was attributed to each meal for cooking and as salad dressing, 10 g and 5 g respectively. The type of fat or oil was elicited by speci®c questions on cooking and salad dressings used either on the recorded day (S4 and S7) or for each meal and day of the week (FFQ). There was a special code sheet to be ®lled in by the interviewer (Figure 4 ). Data from PETRA were transcribed before ®ling in the database. A standard amount of an`unspeci®ed oil' was coded if the subject did not mention the fat or oil used for cooking and salads in the PETRA record.`Unspeci®ed oil' was taken to be a mixture of peanut and sun¯ower seed oil.
The 16 foods and food groups (see Appendix for a detailed list) selected for validation re¯ected our interest in Mediterranean diet. Food values were converted into nutrient values using the`Fruit d'Or' program, kindly donated by Astra-Calve Â. The database for the program was UNIDAP, which to a large extent uses the values of McCance and Widdowson (Paul and Southgate, 1978) . We adapted this database to French foods using the Re Âgal database (Feinberg et al, 1991) , creating new codes for speci®c foods or regional recipes. The current database consists of 900 items, which can be converted into 36 nutrients. Results are given for nutrients, which had less than 1% of values missing in the database.`Sugars' covers mono-and disaccharides,`®bre' covers all non-digested polysaccharides plus lignins.`Visible lipids' refers to lipids added in unmodi®ed form for cooking or dressing (butter, oils, etc.). Vitamin E covers a-, b-and g-tocopherol activity. As the values for the vitamin B group were all very similar, it was decided to simplify the results and present only data relating to vitamin B2.
Statistics
Statistical analysis was carried out using the Statistical Analysis Systems program (version 6.08; SAS Institute Inc.). The mean and standard deviation were calculated for the total nutrient intake and the signi®cance of the difference between the intakes reported by the different methods was evaluated by paired-t test. Within-person (S Daily variance was based on the average for 4 or 7 d per season, giving four measurements for each individual. Most food and nutrient distributions were skewed toward higher values. Pearson correlation coef®cients were computed for 21 nutrients after log-(natural) transformation of the data and in further steps after adjustment for energy intake (Willet, 1990) and de-attenuation (Rimm et al, 1992) . This last procedure was used because day-to-day withinperson variation tends to attenuate the correlation between FFQ and S7. Pearson correlation coef®cients were therefore corrected by the factor: 1 fS 2 w aS 2 b a4g p , as S7 was repeated four times. Pearson correlation coef®cients were calculated for 21 nutrients. Food values could not be normalized by log-(natural) transformation, so the Spearman correlation coef®cients were computed without correction for attenuation effects. Results are presented for the absolute food values and for the w/w food item/total food ratio. The aim of the study was to quantify measurement error rather than test hypotheses, so P values are not presented.
To demonstrate the pattern of agreement between S4 and PETRA and between FFQ and S7, we cross-classi®ed the intake values from both methods into four quartiles and we compared the quantitative pattern of mean daily intake estimated by S7 for subjects in the different increasing quartiles of consumption as classi®ed by FFQ. We give results for the subjects classi®ed in the same quartiles and for subjects misclassi®ed in the highest and lowest quartile. Only subjects (64) submitting complete dietary records for visible lipid intake were used for correlation analysis and ranking of total fat, polyunsaturated fat, visible fat and vitamin E. Table 1 shows the mean nutrient values for the different methods. S4 and S7 values were very close, but both signi®cantly higher than PETRA values for all nutrients except monosaccharides, alcohol and calcium. With regard to foods (Table 2) , only delicatessen food, meat, cooked green-yellow-red vegetables, PUFA-rich oils and olive oil were signi®cantly overestimated by S4 and S7, whereas cheeses were declared in signi®cantly lower amounts. To establish whether these discrepancies were simply due to quantitative errors or also the result of a qualitative inadequacy, we looked at the number of foods declared in S4, S7 and PETRA. Fewer foods are reported in the PETRA records (10% fewer than in S4, 20% fewer than in S7), Olive and sun¯ower seed oils are frequently used in our area for cooking and as dressings. The intake for these items was underestimated in PETRA because subjects frequently forgot to specify the dressing, which was then classi®ed as`unspeci®ed oil'. Comparison of dietary assesment methods C Bonifacj et al Compared to PETRA, FFQ reported signi®cantly lower amounts of carbohydrates, ®bre and vitamin C, and higher amounts of energy and all lipid-related nutrients. With regard to foods (Table 2) , a signi®cant de®cit is observed for bread and cereals, cooked green-yellow-red vegetables and fast food, and a signi®cant excess of bread, meat, ®sh and sea-food, PUFA-rich and olive oils, raw green-yellowred vegetables and citrus fruit. Compared to S7, FFQ reported signi®cantly lower amounts of proteins, invisible lipids, carbohydrates, starch, ®bre, iron, folates, vitamin B and vitamin C than did the other methods, and higher amounts of polyunsaturated fatty acids (PUFA), visible lipids, alcohol, calcium and vitamin E (Table 1) . With regard to foods (Table 2) , smaller amounts of bread and cereals, delicatessen food, cooked green-yellow-red vegetables and fast food were declared than S7, and larger amounts of cheeses, meat, ®sh and sea-food, PUFA-rich oils, raw green-yellow-red vegetables, citrus fruit and wine. Because cooking and dressing oils were systematically entered in FFQ by the interviewer but not always indicated in PETRA and also because 26 subjects omitted to complete the last page of the S4/S7 check list, which was devoted to these items, PUFA-rich oils were overestimated in FFQ. Higher amounts of PUFA, visible lipids and vitamin E were recorded as a result. The amounts of ®sh and sea-food recorded in FFQ were about four times as high as in the other three methods, so we looked further in the data for an explanation: the highest contributors to this food groups were fatty ®shes and crustacea, which are consumed mainly in summer (daily consumption in summer: 35 g; in winter: 13 g). There was thus a seasonal effect which had not been taken into account, and the wide discrepancy made it impossible to compute the FFQ/S7 correlation for this food group.
Results
Within-person coef®cients of variation were within a narrow range for most of the PETRA nutrient values, except in the case of carotene, alcohol and to a lesser extent vitamin E, all of which had a within-person coef®-cient of above 50% (Table 3) . The between-person coef®-cient was high only or alcohol (126%), and it was under 20% for carotene, potassium and vitamin B. In general, within-person variation exceeded between-person variation in our sample, the only exception being for alcohol. S4 values were comparable with those for PETRA, but the within-person coef®cient of variation/between-person coef®cient of variation ratio was below 1 for four more nutrients largely because of a lower within-person coef®-cient. The S4 ratio was higher than that obtained with PETRA for fatty acids in dressing oils because of the defect in PETRA in evaluating these items, and for iron and folates because of a lower between-person coef®cient of variation. With S7, carotene remained the nutrient with the highest within-person coef®cient of variation. The withinperson coef®cient of variation/between-person coef®cient of variation ratio was below 1 for six more nutrients than with PETRA, mainly in the carbohydrate group. This difference is due to the fat that in S7 the within-person coef®cient of variation was always lower, rather than that there was a marginally higher between-person coef®cient of variation for four nutrients.
Within-person coef®cients of variation were within a narrow range for most of the PETRA food values, except in the case of ®sh, vegetable oils, citrus fruit and fast food, all of which had a within-person coef®cient of variation of Comparison of dietary assesment methods C Bonifacj et al Comparison of dietary assesment methods C Bonifacj et al above 100% (Table 4 ). The lowest within-person coef®-cient of variation was for bread. Within-person variation was generally much higher than between-person variation, except in the case of dairy food, bread and wine. Values for S4 were very comparable with those for PETRA. The within-person coef®cient of variation/between-person coef®cient of variation ratio is lower for`bread and cereals' because of a lower within-person coef®cient, and or`®sh and sea-food' because of a higher between-person coef®-cient. Between-person coef®cients were higher for dressing oils and fast food because of the PETRA defect. With S7, the same foods remained with the highest within-person Comparison of dietary assesment methods C Bonifacj et al coef®cients of variation but their superiority was less pronounced; and the within-person coef®cient of variation/betwen-person coef®cient of variation ratio was below 1 for three more food groups than in PETRA: delicatessen food, total vegetable consumption and Mediterranean pro®le. Within-person variances were lower for S7 than for PETRA whereas between-person variances were less likely to be reduced. The same comments apply to S4 in relation to S7. The Pearson correlation coef®cients between S4 and PETRA for nutrients (Table 5) were all above 0.60, except for vitamin E (0.44) and sugars (0.26). Energyadjustment decreased the Pearson correlation coef®cients for all lipids and for vitamin E (0.32), and increased those for carbohydrates and sugars (0.79) and micronutrients (up to 0.81 for vitamin C). The overall mean for the energyadjusted Pearson correlation coef®cients between PETRA and S4 was 0.69. Classi®cation in opposite extreme quartiles by S4 (Table 5 ) was 3% (except for vitamin E: 6%). S4 correctly classi®ed 42±58% of individuals.
The Spearman correlation coef®cients between S4 and PETRA for foods (Table 6) were all above 0.60. Totalfood-amount adjustment slightly improved the coef®cients, except in the case of delicatessen food, ®sh and sea-food and wine. Misclassi®cation in opposite extreme quartiles by S4 (Table 6 ) was 3%. S4 correctly classi®ed 45±67% individuals.
Since PETRA was shown not to be a true`gold standard' (for example incomplete declaration of foods, no mention of fat used for cooking and/or dressing), it appeared more relevant to compare FFQ, which is designed to assess usual diet over the year, against S7, which covers a greater number of days than does PETRA or S4. The correlation between S4 and S7 was checked before the Pearson correlation between S7 and FFQ was computed: all correlation coef®cients were b 0.82 (results not shown).
As expected, de-attenuation improved the Pearson correlation coef®cients between FFQ and S7 (Table 7) , either slightly (sugars: 0.24 vs 0.25) or more markedly (Vitamin B: 0.41 vs 0.51). The de-attenuated Pearson correlation coef®cients ranged from 0.25 (carotene and sugars) to 0.80 (alcohol). Some also improved after energy adjustment, but this was not the case for proteins, total lipids, monounsaturated fatty acids, PUFA, visible fat, starch, alcohol and vitamin E. The classi®cation in quartiles (Table 7) showed that classi®cation in opposite extreme quartiles exceeded 10% only for vitamin C. Classi®cation in opposite extreme quartiles was 1% for PUFA, polysaccharides, vitamin E and alcohol. FFQ correctly classi®ed 33±68% of individuals. The Spearman correlation coef®cients between FFQ and S7 for foods (Table 8 ) ranged from 0.33 (bread and cereals) to 0.78 (wine). The coef®cients were generally higher after total-food-amount adjustment, but marginally lower for delicatessen food, PUFA-rich oils, raw green-yellow-red vegetables and citrus fruit and considerably lower for fast food. Classi®cation in quartiles (Table 8) showed that misclassi®cation in opposite extreme quartiles exceeded 10% only for citrus fruit (11%). FFQ correctly classi®ed 29±49% individuals.
In order to assess validity on frequency of consumption independently of quantitative estimation, we compared yoghurts', evaluated as 125 g units in both the food records and FFQ, with the ®xed weight shown in PETRA. The Spearman correlation coef®cient (r 0.65) was higher for yoghurts than for all other food groups except wine.
Discussion
The pilot validation study produced useful results in terms of the intended objectives: (i) quantitative assessment via the set of photographs was validated; (ii) the validation of FFQ against S7 compared well with similar studies and appears as a reasonably reliable measure; (iii) comparison of the three different methods in terms of nutrients as well as foods provided information that can be used to improve both the FFQ food list and quantitative evaluation. We will ®rst discuss the study sample, then examine the main features of the three above observations. Samples for all nutritional validation studies consist mainly of volunteers (namely all the studies mentioned above except Rimm et al, 1992 and Martin-Moreno et al, 1993) . There is a built-in bias in this design as subjects may be induced to participate for personal reasons and may assess their diet in an arbitrary fashion. Obesity is one such reason, and obese subjects usually under-report. We checked that not more than 15±20% of the subjects in our study were overweight and eliminated any under-reporting subjects. About 20% of the sample used in the study of Bingham et al (1995) were found to be overweight and under-reporting. The exclusion of under-reporting subjects is a matter of debate. It can be argued that the objective is to evaluate the accuracy of measurements in a given study population, including those subjects who may under-report. The procedure seems acceptable, however, if the same type of exclusion is made in the future epidemiological study.
We were able to evaluate the validity of the set of photographs because we used the weighed record for food intake assessment (PETRA) on the same days as in the food a Spearman correlation coef®cient between S4/PETRA food items (in g). b S4/PETRA Spearman correlation coef®cients for food items or food group/total food ratios (w/w). check list, which assessed quantities of food consumed using the set of photographs. The Pearson correlation coef®cients between PETRA and S4 were always above 0.5 for macronutrients, with a mean of 0.69 for 21 nutrients. This is exactly the same as the ®ndings reported by Bingham et al (1994) for 15 nutrients using the same methods. Ranking never exceeded three misclassi®cations in the extreme quartiles (except for vitamin E: six misclassi®cations). Both the Spearman correlation coef®cients and ranking between PETRA and S4 are shown to be even better for foods than for nutrients. The mean correlation coef®cient is 0.76 and misclassi®cation in the extreme quartiles is nil for ®ve foods or food groups, with only one (®sh and sea-food) reaching three. We can thus assume that our set of photographs is suf®ciently accurate for portion estimation in terms of both nutrients and foods. After preliminary analysis of our data, we decided to validate FFQ against S7 for several reasons:
PETRA cannot be considered as a`gold standard' because several foods appearing in S4 were not mentioned.
(ii) A short-term (4 d) food record is insuf®cient to cover the full range of any diet, at least in our region: for example delicatessen food, certain meats and raw green-yellow-red vegetables were declared as never consumed in some PETRA and/or S4 records but an amount was declared in S7. (iii) Within-person coef®cients of variation were smaller for S7 than for PETRA. A longer recording period may tend to reduce the within-person coef®cient of variation because the daily mean is closer to a usual amount, or because subjects tend to even out quantitative variations when estimating their food portions. The choice of S7 as the method against which to compare FFQ therefore appeared justi®ed, since a low within-/ between-person coef®cient of variation ratio allowed for more powerful comparisons between population samples and because S7 appeared closer to usual consumption. Besides, S7 was found to be strongly correlated with S4 (coef®cient always b 0.8), which had itself been validated against PETRA. Finally, when two methods are compared in validation studies, the reference method is more often a dietary record over a multiple of 7 d with estimated portions (Pietinen et al, 1988; Boutron et al, 1989; Rimm et al, 1992; Liu et al, 1992) .
In comparison to food records, underestimation and overestimation in FFQs appear to depend mainly upon the make-up of the questionnaire: if the true intake of a speci®c nutrient is not adequately covered by the food list, the nutrient will appear as underestimated in the questionnaire, and vice versa (Willett, 1990; Pietinen et al, 1988; Martin-Moreno et al, 1993; Gnardellis et al, 1995) . Our FFQ list thus appeared to provide slightly inadequate coverage for protein, carbohydrate and vitamin C intake. The lower food intakes recorded by FFQ compared to the food records highlighted certain inadequacies in FFQ, mainly for cereal, cooked vegetables and fast food intakes, and indicated the questions in need of improvement. Although the range of correlation coef®cients between FFQ/S7 for foods was satisfactory, ranking was not as good and never reached 50% of subjects adequately classi®ed by FFQ. This raises doubts about quantitative assessment by FFQ. When we computed the correlation coef®cient for a food (yoghurt) that had the same unit weight in all three assessment methods, we were left with the strong suggestion that the standard portion evaluation used in FFQ might have been a source of error. It was therefore decided to modify FFQ by using the set of photographs for quantitative assessment.
Pearson correlation coef®cients between FFQ and S7 are average when compared to other validation studies: correlations for some macronutrients are not as good as in the studies of Pietinen et al (1988) ; Rimm et al (1992) ; MartinMoreno et al (1993) and Bingham et al (1994) , overall very similar to the results reported by Delcourt et al (1994) for their male sample and by Decarli et al (1995) and better than those reported by Engle et al (1990) and Liu et al (1992) , and by Delcourt et al (1994) and Gnardellis et al (1995) for their female samples. Analysis of micronutrients was very limited in previous reports. We can compare our results for micronutrients with three studies (Rimm et al, a Spearman correlation coef®cients between FFQ/S7 food items (in g). b FFQ/S7 Spearman correlation coef®cients for food item or food group/total food ratios (w/w).
1992; Martin-Moreno et al, 1993; Decarli et al, 1995) which use the same type of analysis (de-attenuated energy-adjusted Pearson correlation). Mean correlation coef®cients are shown in Table 9 . Coef®cients are lower for carotene and vitamin C but better for iron and vitamin E in the present study. Ranking is quite comparable with the previous studies: classi®cation in opposite extreme quartiles tends to be lower on average (for example vitamin E: classi®cation in opposite extreme quartiles was 16% in the study of Rimm et al, 1992 , vs 1% in the present one). The highest classi®cation in opposite extreme quartiles was for sugars, carotene and vitamin C, the lowest for PUFA, starch, alcohol, iron and vitamins E and B.
Conclusions
This study shows that our set of photographs is a reliable method of assessing food and nutrient intake and that the performance of FFQ is average for macronutrients and adequate for micronutrients. One can speculate that the accuracy of measurements might be higher if the same method was used in a population with a more heterogeneous intake of certain nutrients. FFQ will be improved by using the set of photographs instead of weight of estimated portion, by adding a few items for better discrimination of individual consumption and by taking the seasonal effect on various foods better into account. Whatever the strength of the correlation, one needs to demonstrate that the level of correlation does not result from a correlation of the random errors in the methods being compared. But this demonstration is dif®cult to achieve. At least, if a minimum of three intake measurements with different methods are used, for example a questionnaire on usual intake, a record of actual intake and a biomarker (Kaaks et al, 1994) , one can assume that the results of the validation are more signi®cant. The design of the present study makes such an investigation possible, even though it is restricted to certain nutrients, and it is currently in progress. Comparison of dietary assesment methods C Bonifacj et al
